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ABSTRACT 


These  tests  were  made  to  evaluate  the  accuracy  of  registration 
attainable  when  we  use  the  Fairchild  Radar  Recording  Camera  with  the 
Mitchell  Background  Projector  mechanism  for  high-accuracy  registration 
and  reduction  equi,-ment  for  planned  solar  studies . >  The  tests  revealed 
that  a  modified  camera  will  be  suitable  for  much  of  our  work,  but  that 
the  camera  unmodified  does  not  provide  satisfactory  operation  for  most 
of  the  planned  uses* 
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I,  IN1R0DUCTI0N. 

•The  Fairchild  Radar  Recording  Camera  presents  many  attractive 
features  for  us  as  a  recording  earner?  for  solar  studies.  Its  ease  of 
film  changing  and  its  compactness  especially  recommend  it.  On  the 
other  hand  the  solenoid  operation  is  abrupt)  producing  a  substantial 
impact  at  the  film  advance  cycle)  and  the  film  claw  in  its  return 
across  the  sprocket  holes  rests  on  the  film  heavily  enough)  it  seems* 
perhaps  to  damage  or  enlarge  the  sprocket  holes  anough  to  be  detri¬ 
mental  when  high-accuracy  registration  is  involved. 

To  evaluate  seme  of  these  factors  we  have  conducted  the  tests 
reported  here.  V«e  wish  to  have  cameras  in  which  it  is  possible  for 
us  to  return  a  piece  of  exposed  3J>  nun  motion  picture  film  to  a  film 
or  projector  accuracy  with  a  differential  displacement  from  frame  to 
frame  of  +  0.0002  inches  on  the  average)  and  without  any  appreciable 
number  of” values  departing  from  other  values  within  a  long  run  by  more 
than  three  to  four  times  this  amount.  The  quantity  measuring  tha 
difference  batwean  the  largest  and  smallest  position  readings  we  hive 
called  the  "range"  in  our  tests  below.  Tolerances  should Jp ply  in  both 
co-ordinates  in  tha  film  plane)  if  we  are  to  use  the  cameras  to  provide 
a  basic  reference  system  on  our  films)  dependent  upon  tne  position 
the  film  assumes  in  the  reference  frame  of  the  film  analysis  pro¬ 
jector.  If  we  succeed  in  attaining  these  limits  the  manpower  probiatu 
for  reduction  of  prominence  notion  data  will  be  greatly  lessened. 

In  the  tests  that  follow  we  have  tried  out  two  versions  of  the 
Fairchild  camera.  One  we  have  modified  so  that  it  operates  smoothly 
by  motor  from  a  110  volt  AC  supply*  without  damaging  impact  forces. 

The  otnsr  is  an  unmodified  28  volt  DC  solenoid  version  of  the  camera, 
just  a»  used  for  radar  scope  recording. 


II.  THE  TESTING  PROCEDURE. 

Two  different  cameras  were  used  in  these  tests.  One  (QNR-7  in 
our  designation))  has  been  substantially  modified  and  has  near  position 
pins 5  the  other  (ONft-3)  is  unmodified. 

f'l  ij’i 

For  our  tests  here)  as  was  in  the  case  of  the*  Mitchell  mechanism* ' 
we  printed  on  each  frame  a  shadow  image  of  a  criss-cross  hair  pattern* 
rigidly  placed  2  mm.  in  front  of  the  film  emulsion  during  exposure., 

As  before?  the  film  used  was  Eastman  Safety  Positive  Film  punchel  with 
Bell  end  Howell  perforations.  Unlike  the  position  pins  of  the  Mitchell 
camera?  which  cure  more  or  less  form  fitting)  the  pins  of  the  Fairchild 
camera,  both  cho  modified  and  the  unmodified  ones,  are  circular  in 
cross  section,  .he  diameter  of  these  cylindrical  pins  is  so  di¬ 
mensioned  that  ti.ey  touch  the  straight  edgas  of  the  perforations  at 

-(i £}'  ™3i^ciilReport7T0  April  19U9t  investigation  on  tmf  Aoeuii^y" 
of  the  i.Stchell  Llotion  Picture  Camera  as  an  Instrument  for  tho  Registra¬ 
tion  and  Reduction  of  Solar  Prominence  Photographs,"  Drv  Ch'ing-Sung 
lu,  Research  Staff,  High  Altitude  Observatory,  Bouldar,  Colorado. 

-  2  ~ 


two  points  in  the  X- direction  (along  the  strip  of  film)  a*;  ix own  in 
Figure  la- 


Figure  la 


However,  along  the  Y-direction  there  exists,  in  these  cameras,  a 
straight  edge  guide,  against  which  the  film  is  gently  pressed  by  a 
email  metal  spring.  This  feature  contrives  to  keep  the  film  in  good 
alignment  as  far  as  the  Y-direction  is  concerned,  but  does  not 
possess  the  positive  advantages  of  the  kinematic  film  location 
principles  of  the  Mitchell  Camera.  The  accuracy  ir  this  co-ordinate, 
therefore,  depends  both  on  the  operation  efficiency  of  the  spring 
and  cu  the  tolerance  limit  of  the  width  of  the  tilm  from  frame  to 
frame,  as  well  ns  the  accuracy  of  preservation  of  the  distance  from 
the  edge  of  the  sprocket  holes  to  the  edge  of  the  film.  Its  accuracy 
of  re-positioning  the  film  in  any  given  projector  gate  will  depend 
much  on  the  location,  size  and  adjustment  of  the  guide  and  pressure 
spring,  unlike  the  Mitchell  (or  Bell  and  Howell)  cameras. 

Advancement  of  the  film  between  exposures  was  done  by  the 
actuators  of  the  Fairchild  camera,  which  were  operated  in  one  case 
by  a  motor  and  in  the  other  by  a  solenoid,  each  controlled  by 
appropriate  sv/itches. 

To  compare  the  results  of  our  first  test  ^*^it  would  be  better 
if  we  could  use  the  same  camera  both  for  exposure  and  measurement,  as 
we  d'd  with  too  L'itchell  mechanism;  the  interpretation  of  results 
would  then  be  much  simpler  .  However,  it  i3  not  possible  to  do  so  with 
our  present  measuring  devics,  ana  since  our  final  use  of  the  apparatus 
for  the  analysis  of  films  will  be  made  with  a  measuring  Mitchell 
mechanism  anyway,  tie  decided  to  do  the  measurements  with  the  Mitchell 
mechanism.  Moreover,  i-he  accuracy  of  the  latter  instrument  has 
already  been  investigated,  but,  of  course,  the  p-,  tioning  system 
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of  the  Mitchell  differ®  from  that  of  the  Fairchild  camera.  There 
seems  no  easy  way  to  use  the  Fairchild  camera  for  our  measuring 
machine,  however,  so  the  preferred  measuring  procedure  would  really 
he  of  academic  interest  only.  We  could  not  have  had  any  hope  of 
positioning  except  for  the  fact  that  the  Fairchild  cameras  do  most 
of  their  positioning  on  the  same  sprocket  holes  used  far  the  theo¬ 
retically  sounder  positioning  scheme  of  tho  Mitchell  camera. 


III.  REFdLTS  ACHUffHh, 

Far  these  tests  we  threaded  the  films  taken  in  the  Fairchild 
camera  into  the  Mitchell  mechanism,  and  then  measured  the  displacement 
of  a  point  exposed  onto  the  film  in  the  Fairchild  camera  from  frame  to 
frame  by  means  of  a  filar  micrometer  microscope  mounted  rigidly  with 
reference  to  the  Mitchell  mechanism.  Two  series  of  measurements  were 
made,  one  in  the  forward  direction  and  one  in  the  backward  direction 
of  the  Mitchell  mechanism,  both  in  the  X  and  Y  co-ordinates. 

The  results  are  plotted  in  Figure  1  and  summarized  in  Table  I 
far  the  modified  camera.  Those  of  the  unmodified  camera  are  plotted 
in  Figure  2  and  summarized  in  Table  II. 


TABLE  I  -  MODIFIED  CAMERA 


Co-ocr. 

Direction 

of 

Measurement 

Forward 

A 

Backward 

Y 

Forward 

Backward 

Mean 


57.15 


66. 


27.22 


Range 

(Micrometer 

Division) 

Inches 

13,6  J 

.000 42 

13.5 

,00042 

34.6 

,,00107 

27.2 

00084 

Average  Deviation 
(Micrometer  j  Inches 


3.98 


3.16 


00050 


.00040 


00110 

,00121 


0.000123 


0.000098 


0.000280 


0,000220 


0,000110 
0  000099 


0.000261 


0,000255 


TABLE  -  II 


CAMERA 
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In  Figures  1  and  2,  the  abscissae  represent  the  aucceaaiva  numbers 
of  ftaraea  from  ^r.s  and  of  the  film  to  J«*s  other.  All  films  wore  exposed 
in  the  normal.  forward  direction  in  the  Fairchild  camera,  Tht  ordinates 
give  the  micrometer  readies  on  the  spot  impressed  upon  the  film  in  the 
Fairchild  camera,  Moasmemente  in  the  forward  direction  of  the  Mitchell 
mechuniem  are  si  own  by  full,  lines,  those  in  t  ie  reverse  direction  by 
dotted  linos,  ?‘h*  length  of  the  arrow  designates  tfc*>  scale  of  ths  figure, 
being  equivalent  to  0,00078  em,  or  C10GO31  fr.;h  per  line  of  the  l**  go 
grid..  Thus  these  ozrves  show  the  variationa  of  the  measured  points  from 
frame  to  frame  both  for  th*  'k~  and  t-  C£>.adinac^a,  rnd  therefore  giv*  r.ri 
idea,  of  the  accuracy  of  the  quantity  *  o  seek,. 

The  Bican  position,  rari^e,  and  average  deviation,  as  suascarized  for 
all  cuaaa  m  ’fables  I  and  II,  are  defined  and  derived  respectively  as 
follows:  (l)  The  "meec  positions”  tabulated  are  the  arithmetical  means 
of  the  reeding s  of  the  picromstar  for  all  the  fr-nre.es  taken  in  the  stated 
direction  of  measurement ,  (2)  The  ‘’range"  is  the  total  range,  obtained 

by  taking  the  difference  batusen  the  highest  and  lowest  readings  frr  any 
two  framas  measured  in  the  direct  lorn?  shown. »  (3)  The  f’evwrag«  deviation’* 

is  xIyj  average,  without  regard  to  si.-m,  at  the  deviations  (positive  and 
negative’  from  the  v.&m  position  for  all  the  IVomoe  assusuree  in  the 
given  dirac-Tono,.  Both  the  "rs ng»*  aid  the  ’’avempe  delation"  constitute 
a  significant  measure  of  the  accuracy  of  the  instrument  for  our  purposes . 


I?.  DISCUSSION  OF  RESULTS 


i 


Th*  data  shown  lr  the  foregoing  section  are  the  combined  results 
of  registration  with  the  Fairchild  and  of  measurement  with  the  Mitchell 
mechanism,  and  not  of  the  Fairchild  camera  alone.  The  data  therefore 
contain  the  accuracy  and  design  factors  of  both  instruments.  Hence  in 
the  discussions  belov,  this  fact  should  be  kept  in  mind.  As  was  pointed 
out,  if  our  final  reduction  of  films  is  to  be  made  with  this  combination, 
our  test  procedure  is  directly  significant  to  our  problem.  We  shall 
therefore  not  attecqst  to  separate  the  involved  factors. 

A.  The  Modified  Camera 

The  performance  of  the  modified  camera  is  substantially 
superior  to  that  of  the  unmodified.  The  wandering  of  the 
points  in  Figure  1  is  similar  for  both  directions  of  the 
Mitchell  mechanism,  as  one  would  expect.  The  wanderings  thus 
result  either  from  positioning  errors  of  the  Fairchild  mechanism, 
or  from  dimensional  differences  from  place  to  place  along  the 
length  of  the  film  material,  which  the  design  differences 
between  the  cameras  make  it  impossible  to  eliminate  from  the 
results,  To  ask  the  film  manufacturer  to  hold  these  dimensional 
differences  down  to  acceptable  linit3  in  terms  of  our  test  and 
to  avoid  differential  processing  effects  is  unfeasible.  However, 
the  magnitude  of  the  errors  of  this  origin  is  not  so  largo  as  to 
rule  out  limited  us#  of  the  modified  camera  for  th©  intended 
purpose.  The  X  average  deviations  fall  comfortably  within  the 
specified  limits  of  2  x  ..  *  inches,  and  the  Y  average  deviations 
fall  at  within  times  the  specified  limits.  The  difference 
between  the  largest  and  smallest  values  of  X  or  I  for  a  run  in 
a  given  direction,  which  we  have  called  "range3,  also  foils 
within  our  established  limits  of  6  sc  10“*'  Inches  for  Zf  but 
goes  consistently  to  about  l£  to  2  times  our  limit  for  Y„ 

The  Mitchell  mechanism,  as  cm©  would  expect,  shows  a  much 
better  performance,  and  .falls  generally  wall  within  our  specifications. 
The  te3t  of  the  Mitchell  camera  also  involved  an  exposing  run 
and  a  measuring  run,  while  the  Fairchild  camera  was  jrabjeeted  only 
to  a  single  exposing  run  through  its*  mechanism,  The  test  of  the 
Mitchell  camera  was  therefore  snoro  stringent.  On  the  other  >vmd 
w©  are  able  to  make  no  satisfactory  separation  of  errors  aric ing 
from  the  imec  uraey  of  operations  of  the  Fairchild  camera  and 
those  arising  from  dimensional  fluctuations  in  the  film, 

The  Him  advance  mechanism,  e/on  in  the  modified  Fairchild 
camera,  a-serts  a  substantial  pressure  on  the  registration  sprocket 
holes  aa  th©  claw  movss  back  from  its  fully  advanced  position  so 
tho  position  for  a  saw  stroke.  It  may  be  that  this  ftoree  enlarges 
the  sprocket,  holes  slightly  and.  produces  the  difference  ol  X  fox’ 
forward  arid  reverse  runs  in  the  Mitchell  Mechanism,  Or  it  may 
ba  that  tho  course  of  this  effect  is  enlargement  of  the  holes  by 
th©  Fairchild  positioning  pins.  Or  it  nay  be  from  some  othor 

-  3  « 


undiscovered  cause.  It  vill  not  adversely  affect  our  planned 
measurement  because  they  can  readily  be  carried  out  In  a  single 
direction  of  film  motion. 

In  describing  the  usefulness  of  the  Fairchild  Camera  for 
this  application  we  should  mention  that  while  wholly  satisfactory 
for  the  purpose  for  which  the  Fairchild  camera  was  developed, 
the  film  advance  and  positioning  apparatus  cannot  be  expected 
to  give  performance  of  highest  possible  registration  standards . 
Because  the  film  has  a  straight  guide  at  its  one  edge  against 
which  it  is  spring  loaded,  the  two  following  conditions  must 
apply  precisely,  or  the  over-constraint  of  the  film  being  positioned 
in  its  plane  can  only  be  accommodated  by  elastic  (or  worso  still 
inelastic)  deformation  of  the  films 

(1)  The  positioning  pins  must  lie  precisely  on  a  line  per¬ 
pendicular  to  the  straight  edge  guide. 

(2)  The  film  edge  must  bs  accurately  perpendicular  to  the 
registration  sprocket  holes  at  each  registration  posi  tion. 

In  the  I-coordinate,  the  slight  slope  as  shown  by  the  curves 
from  one  end  of  the  film  to  the  other,  indicates  again  the  pro¬ 
bably  differential  shrinkage  of  the  film;  this  is  a  feature  also 
noted  in  our  former  analysis.  This  probably  results  tram,  the 
shortness  of  the  strips  used  in  our  test,  and  will  not  show  up 
in  long  movie  rune,  we  expect. 

B.  The  Unmodified  Camera 

The  data  for  tills  camera  can  be  seen  in  Figure  2  and  Table 
XI*  By  comparing  these  with  those  of  the  modified  centra  (Figure  1 
and  Table  I),  it  is  evident  at  once  that  the  registration 
accuracy  ef  this  cGmera  in  the  unmodified  fora  is  voiy  much  leas. 

The  average  deviation  of  Strip  A  in  X-coordinate  is  about  5C$ 
bigger,  and  that  of  Strip  B  io  over  three  times  as  must.  In  the 
Y-coordlnate,  the  figures  are  comparable,  probably  1  direct  result 
of  the  straight  edge  guide  in  thl*  coordinate,. 

Besides  the  general  decrease  of  accuracy  in  this  instrument, 
there  are  also  present  certain  erratic  behaviors  which  ray  result 
from  the  large  inpulses  applied  bj  r.hs  solenoid  drive.  For 
instance,  Frame  No,  3 3  in  Strip  B  is  so  much  displaced  that  the 
measured  point  can  not  even  be  located  inside  the  figure.  This 
point  fells  so  far  out  that  it  ms  discarded  in  the  derivation 
of  our  results 


As  in  tha  case  of  the  modi  fieri  camera,  the  slope  ciu*3  to 
tilfferentr-jl  shrinkage  cf  the  film  again  in  Lhe  figure 
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v.  RKCOM-GUDATIOi^S 


From  the  discussions  presented  above,  \rc  see  that  the  Fairchild 
mechanise,  in  its  modified  f ozn,  although  leas  accurate  than  the 
Mitchell  instrument,  is  good  enough  for  a  least  a  part  of  our  purposes 
as  a  regi  strati  on  camera.  Use  of  the  Mitchell  mechanism  as  a  measuring 
car  projection  apparatus,  ard  the  Fairchild  camora  for  ©reposing  the  film 
provides  \xs  a  reasonably  suitable  combination  of  instruments  for  photo¬ 
graphing  and  analyzing  solar  prominence  records u  A  Boll  and  Howell  typo 
exposing  camera  would  undoubtedly  be  vastly  superior  in  registration  and 
operation  to  the  Fairchild  camera,  but  tho  coat  of  such  cameras  probably 
substantially  exceeds  the  cost  of  the  Fairchild  cameras,  even  including 
the  cost  of  modifications  >  Also  the  Fairchild  camera  offers  some  advantages 
of  cciiipactness  and  light  weight  .  Wo  plan,  in  the  future  to  do  some  tests 
or.  the  Dei  '  and  Howell  type  mechanism, 
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